These features were very similar to the second component (component B) of the fertilization potential. On the other hand, even when removed Ca2+ from external artificial sea water, the activation potential was found to show essentially the same time course and magnitude as those in Ca2+ -containing artificial sea water. Thus the second component of the activation potential elicited by A23187 is probably induced by the increment of Na+ and K+ permeabilities, which might be triggered by the release of Ca2+ from the intracellular storing sites. These results suggest that component B of the fertilization potential is caused by the elevation of internal Ca2+ concentration. tilization. Intracellular Ca2+ concentration ([Ca2+]i) in sea urchin eggs is known to increase transiently at the early stage of fertilization (4, 14, 20, 24) through the sequential events of the activation of GTP binding protein (21, 22) , the increase in the turnover rate of polyphosphoinositides (23, 25), and, by the resultant inositol trisphosphate, the calcium release from intracellular storing sites (3) . Artificial raise in [Ca2+]i by microinjecting inositol trisphosphate (25) or calcium buffer (7) , or by applying calcium ionophore (18, 20) has been shown to induce the cortical reaction and fertilization membrane elevation (5, 26, for reviews). In the previous paper (13) , we have shown that the elevation of fertilization membrane commenced at the early phase of development of component B of the fertilization potential. Moreover, calcium ionophore, A23187 or X-537A, has been demonstrated to induce the substantial membrane depolarization of unfertilized sea urchin eggs (2, 9, 18) , and according to our preliminary experiments, the peak value of a transient depolarization elicited by A23187 was close to that of component B of the fertilization potential. The other interesting experimental result has been reported by Carroll and Heath (1) that A23187 induces the efflux of both K+ and Na+. Above mentioned observations suggest that the elevation of permeability to both Na+ and K+, which are responsible for component B of the fertilization potential, might be triggered by the rise in [Ca2+]i at the early phase of fertilization.
The experiments reported below were designed to examine this possibility. We measured changes of the membrane potential provoked by A23187 at various extracellular Na+ concentration ([Na+] o) and external K+ concentration UK +10) in Ca2+-containing and Ca2+-free ASWs. MATERIALS AND METHODS 
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RESULTS
Fertilization Potential in Std ASW. Unfertilized sea urchin P. depressus eggs, of which resting membrane potentials ranged between -60 and -80 mV, were inseminated, and then within a little less than 1 min, the fertilization potential rose. As shown in Fig. 1 , the fertilization potential had three components. The first component, which was denoted "component A" in our previous paper (13) , consisted of a spike or spikes. In the falling phase, the egg membrane transiently depolarized again, and this component was referred to as "component B." The peak value of this component was about + 20 mV in this egg. Fertilization membrane began to elevate at the early phase of development of component B. A third depolarization, which was referred to as "component C", then came along slowly. Thereafter the membrane gradually hyperpolarized directing to a level of the resting membrane potential of the unfertilized egg.
Activation Potential by A23187. A typical response of unfertilized eggs in the membrane potential to A23187 is shown in Fig. 2A . Within 1 min after the A23187 application, the egg membrane quickly depolarized and overshot to + 12 mV, and then fell to a small extent. After that, the membrane potential slowly and slightly went positive again, and resultantly sustained at 10 mV for about 10 sec. Then the membrane potential gradually went negative finally to the original resting level before activation. We referred to a series of potential changes as the activation potential, to the initial rapid depolarization as the first component, and to the slow depolarizing or plateau phase as the second component of the activation potential. Elevation of the fertilization membrane initiated just behind the peak of the second component.
The activation potential provoked by A23187 in std ASW differed in several points from the normal fertilization potential. Peak of the first component was lower than that of component A of the normal fertilization potential (Fig. 1 ). The se- Fig. 1 . Fertilization potential of a P. depressus egg in std ASW. It was a transient depolarization consisted of three components (component A, B and C). At the arrow head (sperm), the sperm suspension was added into the chamber, and at the arrow (FM), the fertilization membrane began to elevate. cond component reached its peak earlier than component B in the fertilization potential did, although its peak value was almost equal with that of component B. Thus, the elevation of fertilization membrane initiated at the descending phase of the second component, whereas in the fertilization potential it began at the ascending phase of component B. The presence of component corresponding to component C of the fertilization potential was obscure, since the egg membrane almost monotonically went hyperpolarizing after the peak of the second component. The reason is unknown, because the generating mechanism of component C has not been elucidated.
Withdrawal of Ca2+ from ASW scarcely altered the profile and magnitude of the activation potential ( Fig. 2B) , excepting that the amplitude of the first component was a little smaller than that in std ASW. It indicates that Ca2+ which might induce the activation potential is supplied from the intracellular store. Initiation point of the fertilization membrane elevation, however, appeared to be later than that in Ca2+-containing std ASW. It is possibly due to the difficulty of detection of the fertilization membrane elevation. Fertilization membrane is not enough hard to elevate clearly because of lacking of external Ca2+ (11) .
Above results suggest that the second component in the activation potential possibly corresponds to component B in the fertilization potential, that the second component was elicited by the elevation of [Ca2+]i, and that enough amount of Ca2+ could be supplied from the intracellular store even without influx across the egg membranes.
Effect of Change of [Na+]0 on Activation Potential. In order to examine critically the possibility that the second component of the activation potential corresponds to component B of the normal fertilization potential, the peak values of the second component were measured as a function of varied [Na+]0. If the second component were equivalent to component B, its peak value would be expected to decrease with lowering [Na+]0 as like as component B (13) . Figure 3 shows the profiles of activation potentials induced by A23187 at 43 mM (Al), 172 mM (A2) and 430 mM (A3) of [Na+]0 in Ca2+-containing ASWs, and corresponding profiles (B1-B3) in Ca2+-free ASWs. This ensemble of profiles demonstrates that the second component of the activation potential elicited by A23187 largely depends on Na+ permeability of egg membranes. Incidentally, one conspicuous feature of the activation potentials in Ca2+-free ASWs (B1 and B2 of Fig. 3) is that a component which was not seen in Ca2+-containing ASWs (A series of Fig. 3 ) reveals itself at lower [Na+]0 than 430 mM. That component seems to correspond to component C in the fertilization potential (Fig. 1) . The reason why a third component appeared in ASWs lacking Ca2+ and containing low concentration of Na+ is unknown at present, because the origin of component C has not been elucidated.
The peak values of the second component, given as a function of [Na+]0, are plotted in Fig. 4 . The relation of peak value vs.
[Na+]0 in Ca2+-containing ASW was almost linear with a slope of 55 mV/log unit [Na+]0 between 43 and 430 mM. The figure of 55 mV is very close to the theoretical Nernst slope of 58 mV/log unit. Thus, the second component of the activation potential elicited by A23187 was indicated to depend on the permeability of egg membranes to Nat The obtained peak values, however, were more negative by about 60 mV than the equilibrium potential of Na+, ENa, when the cytosolic Na+ concentration ([Na+]i) was assumed to be 20 mM according to Shen and Burgart (17) . This suggests that only the Na+ permeability is not responsible for the second component. The situation is almost completely same as that observed in component B of the fertilization potential (13) . Fig. 4 also shows the effect of [Na+]() change on the peak value of the second component in Ca2+-free ASWs. Relation of the peak value to [Na+]0 was linear with the least-squares slope of 53 mV/log unit [Na+]0 between 43 and 430 mM. The slope of 53 mV/log unit [Na+]0 was essentially the same value as that in Ca2+-containing ASWs. In other words, the increase in Na+ permeability might be triggered by the rise in [Ca2+]i, which was brought about by the release of intracellularly stored calcium.
These results indicate that the increment of egg membrane permeability to Na+ is responsible for the second component of the activation potential as like as for component B of the fertilization potential (13) . Thus, this strongly suggests that the se- The second component of induced activation potentials was clearly affected in their peak values by altering [K+]0 in both cases of Ca2+-containing and Ca2+-free ASWs. In the experiments varying [K+]0, [Na+]0 in ASWs was kept at 100 mM instead of 430 mM in std ASW, because the largest difference in the peak value could be attained at that concentration of Na+ in the range of [K+]0 between 10 and 200 mM. Peak values of the second component are plotted in Fig. 5 as a function of [K+]0. The peak value changed about 13 mV and 17 mV every log unit between 10 and 200 mM [K+]0 in Ca2+-containing ASW and Ca2+-free ASW, respectively. The figure of 13 or 17 mV/log unit was considerably small as compared with the theoretical Nernst value for monovalent ion diffusion. Furthermore, the relation of the peak value with [K+]0 was a little poor in linearity. These probably resulted from that Na+ in the used ASW was able to permeate through the egg membranes. However, change of [K+]0 was demonstrated to affect the peak value of the second component in the activation potential as expected.
Ratio of PNa to PK. Here, from all the data employed in Figs. 4 and 5 , the ratio of Na+ permeability to K± permeability of egg plasma membranes (PNa/PK) at the peak of the second component of the activation potential can be calculated.
Because Cl-did not affect as reported previously (13), membrane potential (Em) can be described as follows according to Goldman (6) Fig. 6 . Peak values of the second component obtained in both Ca2+-containing ASWs and Ca2+-free ASWs fitted well the line calculated from Eq.
(2), E(K +0.8Na) (the diagonal straight line). This result suggest that the peak value of the second component depends on not only Na+ permeability but also K+ permeability, both of which are almost equivalent. In the case of component B of the fertilization potential, also, both permeabilities to Na+ and K+ has been shown to be almost equal (PNa/PK =1.1) (13) . 
DISCUSSION
